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FIELD OF THE INVENTION thai "dead time" introduced by the non-overlapping 

[0001] This invention relates to electronic circuits and 
more particularly relates to control circuitry for driving 
output devices. 

BACKGROUND OF THE INVENTION 

10 cept of non-overlapping timing signals in adaptive "dead 
[0002] When using totem pole output circuit configu- lime" controllers. These circuits compute the duration of 
rations (sometimes called push-pull outputs) as illustrat- "dead time" by monitoring the voltage waveforms so that 
ed in prior art circuit 99 of FIG.1 , one often encounters only the minimal "dead time" necessary is inserted to 
a phenomena called "shoot-through." Because two tran- prevent "through currents" from occurring. The solution 
sistors are driven in unison, there is a short period of <s has been to use a comparator circuit to detect voltage 
time during which both transistors are conducting simul- levels of the driving transistor as shown in prior art FIG. 
taneously. As is shown in FIG. 1a, as the gate voltage 3, but this solution requires DC quiescent current. DC 
drops from Vco to ground, M1 gradually turns on as M2 quiescent current, even at low levels, is unacceptable 
is gradually turning off. During the time when the gate for many applications such as portable applications re- 
voltage is at an intermediate level, a pulse of current 20 quiring battery operated equipment or any other micro- 
passes from supply Vcc through M1 and M2 to circuit power application. 

ground. This pulse of current is known as "shoot- [0009] It is an object of this invention to provide a 
through" or "through current." "break-before-make" adaptive "dead time" output con- 

""""" ' circuit that is independent of output loading and re- 

es no DC quiescent current and no external compo- 
Is. Other objects and advantages of the invention 
will become apparent to those Df ordinary skill in the art 
having reference to the following specification together 
with the drawings herein. 

[0010] JP 62 1G6B15A, JP 02 114718A and JP 67 
0501 33A each disclose a CMOS output driver that pre- 
vents both of the transistors of the output driver from 
being turned on at the same time when the output of the 
circuits changes from one state to another. They each 
35 disclose coupling the gate input of the PMOS and 
to lost efficiency, "through currents" NMOS transistors of the output driver to control circuits 
may cause premature device failures which cause reli- for the NMOS and PMOS transistors respectively. The 
ability problems. "Through currents" also produce sub- control logic forthe PMOS transistorhaving a lowervolt- 
stantial noise which may result in erratic circuit operation age threshold than that for the NMOS transistor, thereby 
and undesired RFI/EMI (radio frequency interference/ « ensuring that during output transitions, both transistors 
electromagnetic interference) problems. are turned off for a brief period of time. 

[0005] There are several prior art approaches to con- 
trolling through currents. One prior art solution uses ex- SUMMARY OF THE INVENTION 
temal resistive limiting. Unfortunately, this solution only 

reduces, but does not eliminate "through currents." A « [001 1] A low power, break-before-make output circuit 
resistor is a lossy element and thus adds dissipation includes a push-pull output transistor pair, a control 
losses of its own, thus reducing efficiency. means coupled to control terminals of the output tran- 

[0006] Another prior art solution to "through currents" sistor pair, and comparing means coupled to the control 
Involves inductive snubbing, which eliminates the terminals of the output transistor pair and the control 
"through currents." However, the inductive elements re- s> means. The comparing means compares voltages at 
duce the circuit's performance and require extra exter- the control terminals of the output transistor pair to pre- 
nal components which are undesirable. determined voltage levels and communicates the com- 

[0007] Yet another prior art solution uses non-over- parison to the control means which manipulates the volt- 
lapping timing signals. In this solution each of the Iran- ages at the control terminals of the output transistor pair 
sistors in the totem pole outputare driven with a different 55 in response to the comparison without any static power 
signal, created by a non-overlapping clock generator as dissipation, thereby ensuring that a first transistor of the 
illustrated in prior art FIG.2. This is often called a "break- output transistor pair is not conducting before a second 
transistorof the output transistor pair begins to conduct. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 1s a schematic diagram illustralin 
or art totem pole output circuit 1 1 . 
[0013] FIG.1a is a graph illustrating 
current in prior art totem pole output circuit 11 of FIG.1. 
[0014] FIG.2IS 



id18ofFIG.7. 
[0017] FIG. is a logic diagram ilk 
cuit20ofFK3.4. 



grated onto the same substrate or may be independent). 
A first control circuit 20 is connected to a gate terminal 
of PMOS transistor 1 2 and an input of a first comparator 
16. First control circuit 20 also is connected to a digital 
input HSDin(bar) and to an output of a second compa- 



or 18. A 



Jit 22 is co 



rs16and18ofFIG.7. 




circuit 10 of FIG.4. 
[0022] FIG.9ISS 
CUit42ofFIG.8. 



DETAILED DESCRIPTION 

[0023] FIG.3 is a prior art combined block diagram/ 
schematic diagram illustrating an adaptive "dead time" 
control circuit 11 for decreasing shoot-through current 
on power MOS switches. Circuit 1 1 utilizes standard , pri- 
or art comparators COMP1 and COMP2 and exhibits 



gate terminal of NMOS transistor 14 and an inputof sec- 
ir 18. Second control circuit 22 also is 
a digital input LSDin and an output of first 
comparator 16. 

[0025] FIG.5 is a logic diagram illustrating an embod- 
iment of first control circuit 20 of FIG.4. First control cir- 
cuit 20 has a NOR gate 24 having a first input connected 
to digital input HSDin(bar) and a second input connect- 
srator18(NODE1).An 
output of NOR gate 24 is connected to an input of an 
inverting power driver 26. Inverting power driver 26 has 
an output which forms the output (P-gate) of first control 
circuit 20 and is connected to the gate terminal of PMOS 

> transistor 12. 

[0026] FlG.5a is a logic diagram illustrating an em- 
bodiment of second control circuit 22 of FIG.4. Second 
control circuit 22 has a NAND gate 28 having a first input 
connected to digital input LSDin and a second input con- 
i nected to the output of first comparator 1 6 (NODE2). An 
output of NAND gate 28 is connected to an input of an 
inverting power driver 30. Inverting power driver 30 has 
an output which forms the output (N-gate) of second 
control circuit 22 and is connected to the gate terminal 
' of NMOS transistor 14. 

[0027] FIG.6 is a timing diagram illustrating the volt- 
age waveform timing relationship between various 
r circuit 10 of FIG.4. The voltage 
i are digital inputs HSDin(bar) and 

> LSDin, the gate terminal voltages of PMOS transistor 
12 and NMOS transistor 14 (P-gate and N-gate) and the 
outputs of comparators 16 and 18 (NODE1 and 
NODE2). 

[002B] FIG.7 is a combined 



rs COMP1 and COMP2 
which is highly undesirable in micro-power applications. < 
[0024] FIG.4 is a combined block diagram/schematic 
diagram illustrating a novel adaptive "dead time" control 

though the description of the Invention is in the context 
of power MOS switches it should be understood that the t 
invention is not limited to power MOS applications, but 
is applicable to any totem pole (push-pull) output con- 
figuration using high input impedance (voltage driven) 
switches. A totem pole output transistor configuration 
exists in FIG.4 with a PMOS transistor 12 connected in : 
series with an NMOS transistor 14 between a voltage 
source Vcc and circuit ground. The output transistors 1 2 
and 14 may be either internal or external devices (inte- 



uit 10 of FIG.4. Both comparator 16 an 
lave the same internal circuitry with their only differ- 
e being where their output is taken. Comparator 16 
its output taken from an output of inverter 50 while 



5 16 and 18 have an input 
connected to a gate terminal of a PMOS transistor M1 
and an input connected to a gate terminal of an NMOS 
transistor M4. M1 is connected in series between a first 
resistor R1 (which in turn is connected to a supply volt- 
age Vcc) and a second resistor R2. An NMOS transistor 



sistor R3 and a fourth resistor R4 which in turn is con- 
nected to circuit ground. A PMOS transistor M3 is con- 
nected in series between R3 and supply voltage Vcc. 
The junction between Ml ai 
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The junction between R3 and M- 
er 48 which in turn Is connects 
M2. Comparators 1 6 and 1 8 of FIG.4 and shown in detail 
in FIG.7 develop their trip points internally and have no 
need of a second input. 
[0029] FIG.8 is a combined b 

lg comparators 16 and 18 of FIG.4. 



6). The digital input combination of NODE2 being high 
and LSDin being high causes the output of second con- 
trol circuit 22, the gate terminal of NMOS transistor 14 
(hereinafter called N-gate) to go high. The value of trip 
point A (see point 2 of FIG.6) should be 



(which in turn is connected to a supply voltage Vcc) and 
a second resistor R2. An NMOS transistor M2 is con- 
3n R2 and circuit ground. M4 is 




al of M2. As stated for FIG.7, 
comparators 1 6 and 1 8 develop their trip points internal- 
10 need of a second Input. 



■ol circuit 42 has a NOR 
gate 72 having a first input connected to the output of 
inverter 54 of FIG.8 and a second input that is connected ; 
to an output of a second NOR gate 76. NOR gate 72 
has an output that forms the output of third control circuit 
42 and also forms a first input to NOR gate 76. An in- 
verter 74 has an input connected to the output of inverter 
44 of FIG.8 and an output that forms the second input • 
of NOR gate 76. 

[0031] The following is a functional description of the 
invention of FIG.7 within circuit 10 of FIG.4. In this de- 
scription of circuit 10 of FIG.4, digital control inputs HS- 
Din(bar) and LSDin are connected together. However • 
circuit 10 could operate with HSDin(bar) and LSDin op- 
erating independently. When HSDin(bar) (and therefore 
LSDin) goes high and NODE1 is low, the output of first 
control circuit 20, the gate terminal of PMOS transistor 
12 (hereinafter called P-gate) goes high as shown in ! 
FIG.6 (point 1). The slope of P-gate is less than that of 
HSDin(bar) because of the substantial gate capacitance 
of PMOS transistor 12. At some predetermined voltage 
level (called trip point A) the output of first control circuit 
20 triggers comparator 16. The value of trip point A is ' 
able to be manipulated by the designer and will be dis- 
cussed in conjunction with FIG.7. When comparator 16 
triggers, its output (NODE2) goes high (point X of FIG. 



e of P-gate, the slope of N- 
an that of NODE2 because of the substan- 
ce of NMOS transistor 14. When N- 



(NODE1) of second comparator 18 triggers and goes 
high. The combination on NODE1 being high and HSDIn 
(bar) being high results in no change to the output of first 
control circuit 20 (P-gate); therefore P-gate remains 
high thereby ensuring PMOS transistor 12 stays off. 
[0033] When HSDin(bar) and LSDin go low, NODEI 
and NODE2 are still high. The combination of HSDin 
(bar) being low and NODE1 being high results in no 
change to the output of first control circuit (P-gate); 
therefore PMOS transistor 12 stays off. The combina- 
tion of LSDin being low and NODE2 being high results 
in the output of second control circuit 22 (N-gate) going 
low (point 3 of FIG.6). When N-gate falls below trip point 
B the output of comparator 18 trips and NODE1 goes 
low (point Y of FIG.6). When NODE1 goes low, the com- 
bination of NODE1 being low and HSDin(bar) being low 
causes the output of first control circuit 20 (P-gate) to 
go low. PMOS transistor 12 will begin conducting when 
P-gate falis a threshold voltage (Vtp) below the supply 

[0034] "is important to note that circuit 10 Of FIG.4 
exhibits a "break before make" circuit configuration pro- 
vided that internal trip points (trip point A and trip point 



Bof. 



id 18) an 



For 



example, trip point A 
high enough to ensure that PMOS transistor 12 is off(not 
conducting) before comparator 16 triggers high. This 
can be done by setting trip point A above the difference 
between supply voltage Vcc and the threshold voltage 
(Vtp) of PMOS transistor 12 (Vcc-Vtp). Similarly, trip 
point B of comparator 18 should be set low enough to 
i that NMOS transistor 14 is off (not conducting) 



jeiyyof 



setting trip point B below thi 
NMOS transistor 14. 
[0035] The operation of comparator 16 of FIG.7, an 
embodiment of the invention, is now described in detail. 
Comparator 18 has the same schematic as comparator 
1 6 except that resistor values and transistor sizlngs may 
differ depending upon the desired trip points and the out- 
put of comparator 18 is taken from a different node. 
[0036] In FIG.7, when the input is low, M4 is off and 
M1 is on. When M1 is on, node N14' is pulled high and 
node N12' is pulled low through inverter SO. With N12' 
low, M3 is on, however no current is conducting through 
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M3 because M4 is off. When M3 is on, node N19' is 
pulled high thereby causing node N8' to be low, which 
means OUT P (18) is low. 

[0037] As the input to comparator 1 6 transitions from 
low to high, comparator 16 goes through five phases of 
operation. In phase 1, the Input voltage is less than the 
threshold voltage Vt, of M4. Therefore M4 remains off 
and the comparator requires no supply current. In phase 
2, the input voltage exceeds Vt, and current begins to 
flow through M3, R3, M4 and R4. M4 now acts as a 

so the voltage at node N19' is roughly equal to: 
Vfnode 19') = Vcc - (R3/R4)(Vin-Vgs M4 ). 



[0038] Since R3 = N"R4, where N is a constant, the 
equation above has a gain factor "N" that allows one to 
minimize the change in input voltage during phase 2. 
[0039] In phase 3, the voltage at node N1 9' drops be- 
low the transition threshold for Inverter 48, node N8' 
goes high, turning on M2. Now current begins to flow 
through R1, M1, R2 and M2. M1 acts as a source fol- 
lower, setting the current flow through R1, and so the 
voltage at N14' is roughly equal to: 



V(node 14") = (R2/R1 )(Vcc - Vin - Vgs M1 ). 



[0040] Since R2 = M*R1 , where "M" is a constant, the 
equation above has a gain factor "M" that allows one to 

be discussed below). 

[0041] In phase 4, the voltage at node N14' drops be- 
low the transition threshold for inverter 50, and node 
N12' goes high. This causes the output of comparator 
16 to transition from low to high. Simultaneously, M3 is 
turned off. This stops current flow through M3, R3, M4 
and R4. However, M4 remains on, and pulls N19' to 
ground, so the comparator's operation is unaffected. In 
phase 5, the input voltage continues to rise. Eventually 
it exceeds (Vcc-Vtu,) where Vt M1 is the threshold volt- 
age of M1. Current now stops flowing through R1, M1, 
R2 and M2 and comparator 16 (or 18) stops drawing 
supply current 

[0042] The trip point (V lr( p,e) of comparator 1 6 Is, as 
mentioned above, the point where the voltage on N14' 
crosses the transition threshold (V trans5() ) of inverter 50. 
Therefore, this trip point is: 



V Wp16 = Vcc-Vgs M1 -(R1/R2)V^ 0 , 

where R2/R1 is equal to "M". If °M" is made large, the 
last term in the above equation becomes small, and the 
threshold V Wp16 moves closer to Vcc-Vgs M1 . By appro- 
priately selecting the value of "M". trip point A of com- 
parator 1 6 in FIG.6 can be set as desired. 



[0043] In a similar manner, the trip point (V lrip18 ) of 
comparator 18 is the point where the voltage on N19' 
crosses the transition threshold of inverter 48. 

Therefore, this trip point is: 



v iripis = (R4/R3)(Vcc - V traIK 4 8 ) + Vgs M4 . 



where R3/R4 is equal to "N". If "N" is made large the first 
k> term in the above equation becomes small, and the 
threshold V lrtp1B moves closer to Vgs M4 . By appropriate- 
ly selecting the value of "N", trip point B of comparator 
1 8 in FIG.6 can be set as desired. 
[0044] The transition thresholds OJ^nsvi ana V^so) 
f 5 can be computed given the sizes of the transistors inside 
inverters 48 and 50. With this knowledge, resistors R1, 
R2. R3 and R4 can be set to provide desired thresholds 
V lrtp is and V^,,,. By making "M" and "N" large (for ex- 
ample M=N=9), the thresholds are not only adjusted to 
x desirable voltages, but the sensitivity of the thresholds 

[0045] The following is a functional description of the 
invention with regard to FIG.8. In this description of cir- 

25 cuil 10 of FIG.4, digital control inputs HSDin(bar) and 
LSDin are connected together. However circuit 10could 
operate with HSDin(bar) and LSDin operating inde- 
pendently. When HSDin(bar) (and therefore LSDin) 
goes high and NODE1 is low, the output of first control 

30 circuit 20, the gate terminal of PMOS transistor 1 2 (here- 
inafter called P-gate) goes high as shown in FIG.6 (point 
1). The slope of P-gate is less than that of HSDIn(bar) 
because of the substantial gate capacitance of PMOS 
transistor 12. At some predetermined voltage level 

35 (called trip point A) the output of first control circuit 20 
triggers comparator 16. The value of trip point A is able 
to be manipulated by the designer and will be discussed 
in conjunction with FIG.B. When comparator 16 triggers, 
its output (NODE2) goes high (point X of FIG.6). The 

« digital input combination of NODE2 being high and LS- 

cuit 22, the gate terminal of NMOS transistor 14 (here- 
inafter called N-gate) to go high. The value of trip point 
A (see point 2 of FIG.6) should be set greater than the 
« difference between Vcc and the threshold voltage (Vt P ) 
of PMOS transistor 1 2 (Vcc - Vt P ) to ensure that PMOS 
transistor 12 is off before NMOS transistor 14 is turned 

[0046] Similar to the slope of P-gate, the slope of N- 
50 gateislessthanthatofNODE2becauseofthesubstan- 
lia! gate capacitance of NMOS transistor 14. When N- 
gate reaches a predetermined voltage level the output 
(NODE1) of second comparator 18 triggers and goes 
high. The combination on NODE1 being high and HSDin 
55 (bar) being high results in no change to the output of first 
control circuit 20 (P-gate); therefore P-gate remains 
high thereby ensuring PMOS transistor 12 stays off. 
[0047] When HSDin(bar) and LSDin go low, NODE1 
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and NODE2 are still high. The combination of HSDin [0052] Since R3 = N*R4. where N is a constant, the 
(bar) being low and NODE1 being high results in no equation above has a gain factor "N" that allows one to 
change to the output of first control circuit (P-gate); minimize the change in input voltage during phase 2. 
therefore PMOS transistor 12 stays off. The comblna- [0053] In phase 3, the voltage at node N19 drops be- 
tion of LSDin being low and NODE2 being high results 5 low the transition threshold for inverter 52, node N8 goes 
in the output of second control circuit 22 (N-gate) going high, tumingon M2. Ir 
low (point 3 of FIG.6). When N-gate falls below trip point 
B the output of comparator 18 trips and NODE1 goes 
low (point Y of FIG.6). When NODE1 goes low, the com- 
bination of NODE1 being low and HSDin(bar) being low 10 through R1 , and so the voltage at N14 is roughly equal 
causes the output of first control circuit 20 (P-gate) to to: 

V(node 14) = (R2/R1)(Vcc - Vin - Vgs M1 ). 
[0054] Since R2 = M*R1, where Wis 

input voltage during phase 4 (to 




This can be done by setting trip point A 
ference between supply voltage Vcc and the threshold 
voltage (Vt p ) of PMOS transistor 12 (Vcc - Vt p ). Si 
ly, trip point B of comparator 18 should be set tow : 

re that NMOS transistor 14 is off (not 
conducting) before comparator 18 triggers low. This can 
be done by setting trip point B below the threshold volt- continues to rise. Eventually it exceeds (Vcc - V^), 
age (Vt N ) of NMOS transistor 1 4. where Vt Mt is the threshold voltage of M1 . Current now 

[0049] The operation of comparator 16 of FIG.8, an so stops flowing through R1 , M1 , R2 and M2 and compa- 
ct of the invention, is now described in detail. rator 1 6 (or 18) stops drawing supply current, 
or 18 has the same schematic as comparator [0056] The trip point (V^^) of comparator 16 Is, as 
16exceptthatresistorvaluesandtransistorsizingsmay mentioned above, the point where the voltage on N14 
differ depending upon the desired trip points. crosses Ihe transition threshold (V, rans46 ) of inverter 46. 

[0050] In FIG.8, when the input is low, M4 is off and 35 Therefore, this trip point is: 
M1 is on. When M1 is on, node N14 is pulled high and 

node N1 2 is pulled low through inverters 44, 46 and 50. v ..... u ,„,„,.„ 

With N12 low, M3 is on, however no current is conduct- V "*« " Vcc ' Vg$ ™ " P"" 0 "*— •■ 

ing through M3 because M4 is off. When M3 is on, node 

N19ispulledhightherebycausingnodeN11tobehigh. 40 where R2/R1 is equal to "M". If "M" is made large, the 



= (R4/R3)(Vcc-\ 



trol circuit 42 (nodes N10 and N11 ) when the input is low threshold V Wp16 moves closer to Vcc - Vgs M1 . By appro- 
is: N10 high and N11 high. When both inputs to third priately selecting the value of "M", trip point A of corn- 
control circuit 42 are high the output is low. parator 1 6 in FIG.6 can be set as desired. 
[0051] As the inputto comparator 16 transitions from « [0057] In a similar manner, the trip point (V|, ip18 ) of 

low to high, comparator 16, again, goes through five "-- " 

phases of operation. In phase 1 , the input voltage is less 

than the threshold voltage V t4 of M4. Therefore M4 re- Therefore, this trip point is: 
mains off and the comparator requires no supply cur- 
rent. In phase 2, the input voltage exceeds V 14 and cur- 
rent begins to flow through M3, R3, M4 and R4. M4 now 
acts as a source follower, setting the current flow 

through R4, and so the voltage at node N19 is roughly where R3/R4 is equal to "N". If "N" is made large, the 

equal to: first term in the equation above becomes small, and the 
55 threshold moves closer to Vgs M4 . By appropriate- 

Vinode 19) = Vcc- (R3/R4)(Vin-Vgs M4 ). VTfTb «n ta^M^^"" ° " C " np " - ° r 
[0058] The transition thresholds (V^e and V lrari552 ) 



6 
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an be computed given the sizes of the transistors inside 
iverters 46 and 52. With this knowledge, resis 
!2, R3 and R4 can be set to provide desired thr 

iv„p 1B .- 



[0059] Third control circuit 42 obeys the following truth 



sients. More specifically, circuit 10 draws current only 
when VtN < Vin < Vcc - Vt p . where is the threshold 
voltage of an NMOS transistor and Vt p is the threshold 
voltage of a PMOS transistor, as described in the de- 
' scription of the operation of comparator 16 of FIG.7. This 
greatly reduces power dissipation, thereby allowing cir- 



fs 16 and 18 of FIG. 8 an 
native embodiment to that of FIG.7. The presence 
4, 46 and 50 and 48, 52 and 54 pr 



vides the truth table above would fall withirnhe scope 
of this invention. FIG.9 is a logic diagram illustrating a 

put and a single circuit to ge 
to Node 1 and Node 2 of FIGs.4 and 6. 

id 18 of FIG.7 have several 
irt. Firstly, comparators 16 
and 18, utilized within circuit 1 0 of FIG.4, prevent shoot- 



operable to switch an output of the output drivei 



be above Vcc-Vt p or below VV,, it e 
sistor is off before the other transistor turns on. This can 

l a majority of applications because power ■ 

se of the signal devices 
8. Even if the thresholds 
irs are equal to those of the signat 



[0061] Comparators 16 and 18 of FIG.7 also advan- 
tageously allows one to vary both the high trip point and 
the low trip point. The high trip point may be varied by 
simply altering the resistor ratios of R1 and R2 of com- 
parator 16 while the low trip point may be varied by sim- ! 
ply altering the resistor ratios of R3 and R4 of compara- 
tor 18. This allows circuit 10 of FIG.4 utilizing compara- 
tors 16 and 18 of FIG.7 to be portable across various 



having a first input coupled to first and second 
ircuit respectively; 
rs each having an 




puts of the second and first comparators so 
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thatwhentheoutputoftheoutputdrivercir- 5. The output driver circuit of any preceding claim, 
cuit changes state, one transistor in the wherein the first control circuit comprises an OR 

output transistor pair is turned off before gate, 
the other transistor in the output transistor 

pair Is turned on, 5 6. The output driver circuit of any preceding claim. 

wherein the first control circuit comprises: 

a dual Input NOR gate having a first input cou- 
pled to the first input of the output driver circuit, 
t to a second input coupled to the output of the sec- 



an inverter having an input coupled to the out- 
put of the dual input NOR gate and an output 
to the control terminal of the first tran- 




torin the output pair I 
2. The output driver circuit of claim 1 , 



10. The output driver circuit of 

: circuit outp 

its prede- 

erwise and. the lower trip point circuit outputs a high 
ede- 
oth- 

3. The output driver circuit of claim 2 wherein the first 11 . The output driver circuit of any preceding claim 
voltage source has a voltage potential greater than wherein the first comparator comprises the said up- 
the voltage potential of the second voltage source, so per trip point circuit having its first input coupled to 

the input of the first comparator, a second input, and 

4. The output driver circuit of any preceding claim, anoutput.andthesaidlowertrippointcircuithaving 
wherein the first control circuit outputs a digital low its first input coupled to the input of the first compa- 
value when the first Input of the output driver circuit rator, a second input coupled to the output of the 

upper trip point circuit, and an output coupled to the 
second input of the upper trip point circuit; 

and wherein the output of the upper trip pint 
circuit forms the output of the first comparator. 



8 



15 
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12. The output driver circuit of any preceding claim 
wherein the second comparator comprises the said 
upper trip point circuit having its first input coupled 
to the input of the second comparator, a second in- 
put, and an output, and the said lower trip point cir- 
cuit having its first input coupled to the input of the 
second comparator, a second input coupled to the 
output of the upper trip point circuit, and an output 
coupled to the second input of the upper trip point 



16. The output circuit of any preceding claim, 

wherein the upper trip point circuit outputs a 
high digital value when its input rises above its 
predetermined voltage value and a low digital 
value otherwise and, the lower trip point circuit 
outputs a high digital value when its input rises 



low digital value otherwise; and 
wherein the said comparator further comprises: 
a third control circuit coupled to the upper trip 
point circuit and the lower trip point circuit that 




per trip point circuit and tower trip point circuit 
output digital low values and maintains its dig- 
ital value when the upper trip point circuit out- 
> puts a digital low value and the lower trip point 

circuit outputs a digital high value. 

17. The output circuit of daim 1 6, wherein the third con- 



le output of the lower trip point 



herein the lower trip point circuit comprises: 

a PMOS transistor having a source terminal 
connected to the first voltage source, a gate ter- 
minal connected to an output of the upper trip « 

a first resistor connected between the drain ter- 
lePMOStra 



connected to the input of the first 



output forms the output of the third control cir- 
cuit; 

a second dual input NOR gate having a first in- 
put coupled to the output of the first dual input 
NOR gate, a second input and an output cou- 
pled to the second input of the first dual input 
NOR gate; and 



output of the upper trip point circuit and an out- 
put coupled to the second input of the second 
dual input NOR gate. 



output transistor pair comprising first and 
ond transistors coupled together in series 
veen a first and a second voltage potential 
rable to switch an output of the output driver 
uit between the first and second voltage po- 



ce terminal of the NMOS transistor and the ' 



15. The output circuit of claim 13 or claim 14, wl 



having a first input coupled to first and second 
inputs of the output driver circuit respectively; 
a comparator having an input coupled to the 
control terminal of the first on 
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and an inverter having an input coupled to the 
output of the upper trip point circuit and an out- 
put coupled to the second input of the second 
dual input NOR gate. 



put of the output driver circuit cl 
state, one transistor in the output tra 
pair is turned off before the other tra 
in the output transistor pair is turned on, 



ond im 

a lower trip point circuit having a first input cou- 
pled to the input of the comparator, a second 
input coupled to the output of the upper trip 
point circuit, and an output coupled to the sec- 
ond input of the upper trip point circuit; and < 



sten und einen zweiten Transistor umfaGt, die 
zwischen einem ersten und einem zweiten 
in Reihe ge- 




and lower (rip point circuits that outputs, as the 
output of the comparator, a high digital value 
when the upper trip point circuit and lower trip • 




a first dual input NOR gate having a first input 
coupled to the output of the lower trip point cir- 

output forms the output of the third control cir- 



der erste und der zweite Komparator je- 
weils so beschaffen ist, dali sie die Span- 
nungen an den SteueranschlQssen des er- 
sten und des zweiten Transistors mit vor- 
gegebenen Spannungspegeln vergleichen 
und uber einen Ausgang das Ergebnis die- 
ser Vergleiche den zweiten bzw. ersten 



so beschaffen sind, dad sie die Spannun- 
gen an den SteueranschlQssen des ersten 
und des zweiten Transistors unter dem 
EinfluB der Ausgangssignale des zweiten 
und des ersten Komparators in der Weise 
verandern, daB dann, wenn das Aus- 



en Zustand andert, ein Transistor 




ig nach einem vorherge- 

is Komparators angeschlossen ist und ei- 

ngsowie einen Ausgang be- to tung einen digital niedrigen Wert ausgibt, wenn das 
erste Eingangssignal der Ausgangstreiberschal- 
tung und das Ausgangssignal des zweiten Kompa- 
Schaltung fOr einen unteren Austdse- ralors digital niedrige Werte besitzen, und andern- 

die mit einem ersten Eingang an den falls einen digital hohen Wert ausgibt. 

tg des Komparators angeschlossen ist, »s 



ist und mit einem Ausgang an den ein ODER-Gatter umfaflt. 




nungswert ansteigt, der Ausgang der S< 
tung far den unteren Auslosepunkt darauf an- 
spricht, dafl das Eingangssignal Ciber einen 
vorgegebenen Spannungswerl ansteigt, und 
einer der Ausgange oder beide Ausgange die- 
ser Auslosepunkt-Schaltungen an den Aus- i 



beeinflussen, daB sichergestellt ist, daB bei ei- 
ner Zustandsanderung des Ausgangssignals 
des Ausgangstreibers einer der Transistoren 
im Ausgangstransistorpaar sperrt, bevor der 
andere Transistor im Ausgangspaar sperrt. 

, Ausgangstreiberschaltung n; 



ersten Eingang an den ersten Eingang der Aus- 
gangstreiberschaltung angeschlossen ist und 
mit einem zweiten Eingang an den Ausgang 
des zweiten Komparators angeschlossen ist 
und einen Ausgang besitzt; und 

einen Inverter, der mit einem Eingang an den 
Ausgang des Doppeleingang-NOR-Gatters an- 
geschlossen ist und mit einem Ausgang an den 




die erste Steuerschaltung und ar 
Komparator angeschlossen ist 
Drain-Anschlul! besitzt; und 

einen NMOS-Transistor, der mit eii 




geschlossen ist, mit einem Gate-AnschlufJ an 
die zweite Steuerschaltung und an den zweiten 
Komparator angeschlossen ist und mit einem 
Drain-Anschlul! an den Drain-AnschlufJ des 
PMOS-Transistors angeschlossen 1st, wobei f 
eine Verbindung zwischen den Drain-An- 
schlussen des PMOS-Transistors und des 
NMOS-Transistors einen Ausgang der Aus- 



Anspruch, bei der die zweite Steuerschaltung ur 



ein Doppeleingang-NAND-Gatter, das mit ei- 
nem ersten Eingang an den zweiten Eingang 

ist und mit einem zweiten Eingang an den Aus- 
gang des ersten Komparators angeschlossen 
ist und einen Ausgang besitzt; und 
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dans lequellepre- 
t circuit de point de 
declenchement superieur ayant sa premiere entree 
couplee a I'entree du premier c 
deuxieme entree, et une sortie, et lei 
point de declenchement inferieur ayant 
entree couplee a I'entree du premier comparateur, 
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tie du circuit borne de drain du transistor PMOS et une bor- 

rtie ne de drain d'un transistor NMOS; 

se du circuit de point de le transistor NMOS ayant une borne de grille 

connectee & I'entree du premier comparateur, 
ie point de s et une borne de source connectee a une se- 



ource du transistor NMOS et la se- 
cond comparateur comprend ledrt circuit de point drain du transistor NMOS et dont une sortie for- 
de declenchement superieur ayant sa premiere en- me une sortie du circuit de point de declenche- 
tree couplee a I'entree du second comparateur, une ment inferieur. 
seconde entree, et une sortie, et ledit circuit de point 

de declenchement inferieur ayant sa premiere en- « 15. Circuit d'atlaque de sortie selon la 1 
tree couplee a I'entree du second comparateur, une 
deuxieme entree couplee a la sortie du circuit de 

16. C 

des revendications precedentes, dans lequel le cir- 
cuit de point de declenchement superieur delivre 
une valeurnumerique forte quand son entree passe 
au-dessus de sa valeur de tension predetermine* 
et sinon une valeur numerique faible et. le circuit de 





jit de point de declen- 
■n\ superieur et le circuit de point de declen- 
chement inferieur delivrent des valeurs numeriques 
fortes, qui delivre une valeur numerique faible 
jit de point de de 




17. Circuit d'atlaque de sortie selon la 



un transistor PMOS ayant une borne de source 
connectee a la premiere source de tension, une 
borne de grille connectee a une sortie du circuit ' 
de point de declenchement superieur, et une 
borne de drain; 



une seconde porte Nl a deux entrees ayant un 
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de la premiere porte Nl a deux entrees; et a la sortie du circuit de point de declenchement 

un inverseur ayant una entree couplee a la sor- s superieur, et une sortie couplee a la seconde 

tie du circuit de point de declenchement supe- entree du circuit de point de declenchement su- 

rieur et une sortie couplee a la seconde entree perieur; et 

de la seconde porte Nl a deux entrees. dans lequel le circuit de point de declenche- 

ment superieur delivre une valeur numerique 
18. Circuit d'attaque de sortie comprenant: io forte quand I'entree passe au-dessus d'une 

tension predeterminee, le circuit de point de de- 
int inferieur dSlivre une valeurnume- 

des premier et second transistors couples en- 
semble en serie entre un premier et un deuxie- 
me potentiels de tension et pouvant etre com- >5 
mandes agissant pour commuter une sortie du 

circuit d'attaque de sortie entre les premier et aux circuits de point d« 

second potentiels de tension; rieur et inferieur qui delivre, comme sortie di 

despremieretdeuxiemecircultsdecommande comparateur, une valeur numerique forti 

ayant chaeun une sortie couplee aux bomes de %> quand le circuit de point de declenchement su 

commande respectivement des premier et se- 



un comparateur ayant une entree couplee a la 
borne de commande des premier et second 





conde entree et une sortie, dans lequel la sortie 
de; 

une premiere entree couplee a la sortie de la 
fluence de la sortie du comparateur afin « premiere porte Nl a deux entrees, une seconde 

que, quand la sortie du circuit d'attaque de entree et une sortie couplee a la seconde en- 

sortiechanged'etat.untransistordelapai- tree de la premiere porte Nl 

re de transistors de sortie soit bloque avant 
que rautre transistor de la paire de transis- 
tors de so 
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FIG. 1 

(PRIOR ART) 



.-A. 



FIG. 1a 



FIG. 2 

(PRIOR ART) 
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FIG. 5a 
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